NTO is a nitrotriazole type explosive having good thermal stability and low chemical sensitivity. It is relatively insensitive to impact and shock. In the present study, nitramine derivatives of NTO are considered within the constraints of density functional theory at the level of B3LYP/6-31+G(d). The stabilities, some geometrical, physicochemical, and some molecular orbital characteristics etc., of the structures are considered. The calculated IR and UV-VIS spectra are presented and discussed.
Introduction
In modern ordnance, explosives having good thermal stability, impact and shock insensitivity and better performance are strongly desirable requirements. For these purposes the syntheses of nitrotriazoles as energetic materials and as intermediates to energetic materials have received a great deal of attention in the past decades [1] . NTO 1, (5-nitro-2,4-dihydro-3H-1,2,4-triazol-3-one) is the most extensively studied nitrotriazole explosives because it possesses good thermal stability [2] , low chemical sensitivity to radiation damage [3] and is relatively insensitive to impact and shock [4] . The first report about NTO appeared in 1905 [5] however was erroneously reported as its hydroxy tautomer [6] . The explosive nature of it was recognized later. Various articles on NTO and its tautomers 2 and 3 have been published [7] and NTO was characterized as an insensitive energetic material in 1988 [8] .
NTO was developed as an explosive compound in 1983 at Los Alamos center [8] . Its explosive performance characteristics are similar to RDX, but it has been observed that NTO is less sensitive [9] . Some applications of NTO have been reported, such as AFX-644, which is a mixture of TNT:NTO:wax:Al (powder), having the proportion of 30:40:10:20. The baseline AFX-644 meets the United Nations' (UN) criteria for extremely insensitive detonating substances [10] . On the other hand, the charges containing NTO in the ratio of 25:25:50, RDX:NTO:TNT, improves significantly the sensitivity, mechanical properties and structural integrity of the explosive [11] . Shells charged with NTO, in the ratio of 40:60 NTO:TNT, are relatively insensitive to bullet impact and fuel fire tests [11] . Also, crystal forms of NTO have been studied and two polymorphic phases were discovered to exit [12] ; the most stable α-polymorph (for which an accurate crystal structure has yet to be determined because it undergoes a significant degree of twinning [13] ) and the β-form which was reported to be unstable [14] . The structural aspects, chemical and explosives properties and thermal behavior of NTO, have been published [15, 16] . On the other hand, the synthesis and structural characterization of metal salts of NTO, i.e., K, Cu and Pb-NTO were also studied in the literature [17] . Many articles about NTO have piled in the literature [18] [19] [20] [21] [22] [23] [24] [25] , however there has been very rare information about the constitutional isomers or tautomers of NTO (4 and 5) [27] [28] .
In the present study, nitramine derivatives of NTO are considered within the constraints of density functional theory (DFT). Note that 4 and 5 are nitramines of 2,4-dihydro-3H-1,2,4-triazol-3-one.
Method of Calculations
The initial geometry optimizations of all the structures leading to energy minima were achieved by using MM2 method followed by semi-empirical PM3 self-consistent fields molecular orbital (SCF MO) method [29, 30] at the restricted level [31] . Then, the structure optimizations were achieved within the framework of Haretree-Fock (HF) and finally by using density functional theory (DFT, B3LYP) [32, 33] at the level of B3LYP/6-31+G(d) (restricted closed-shell). Note that the exchange term of B3LYP consists of hybrid Hartree-Fock and local spin density (LSD) exchange functions with Becke's gradient correlation to LSD exchange [34] . The correlation term of B3LYP consists of the Vosko, Wilk, Nusair (VWN3) local correlation functional [35] and Lee, Yang, Parr (LYP) correlation correction functional. The normal mode analysis for each structure yielded no imaginary frequencies for the 3N−6 vibrational degrees of freedom, where N is the number of atoms in the system. This indicates that the structure of each molecule corresponds to at least a local minimum on the potential energy surface. Furthermore, all the bond lengths were thoroughly searched in order to find out whether any bond cleavage occurred or not during the geometry optimization process. All these computations were performed by using SPARTAN 06 [36] . Figure 1 shows the optimized structures of the nitramines derived from NTO. Note that in 6-8 the π-connectivity of the ring is the same as NTO. The dinitro derivatives 6 and 7 are isomers of each other. The trinitro derivative 8 is also considered. The ring π-topologies of 9 and 10 are mutually the same but different than NTO. They might be considered as nitramines of 11 which is a 1,3-tautomer of NTO. Also note that 9 is isomeric with 6 and 7 all having the empirical formula of C 2 HN 5 O 5 .
Results and Discussion
Directions of dipole moment of the structures changes as well as their magnitudes as seen in Figure 1 and Table 1 which also displays some other properties of the structures considered. Note that the polarizability values, thus the log P values are highly dependent on the number as well as the position of the nitro groups. Also note that dipole moments of isomeric structures 6 and 7 are highly different. In the case of 8 it is almost nil. Figure  2 shows the electrostatic potential (ESP) charges. Note that the ESP charges are obtained by the program based on a numerical method that generates charges that reproduce the electrostatic potential field from the entire wave function [36] . Positional variation of the nitro group in isomeric structures 6 and 7 highly affects the charges on all the atoms of the pentagonal ring backbone. The numbering of atoms of NTO and structures 6-8 are shown in Figure 4 . The Mulliken and Löwdin bond orders for the structures having the same ring topology are listed in Tables 2 and 3 , respectively. Although Mulliken population analysis has some deficiencies, it is very popular. Large positive overlaps between basis functions on different atoms are indicative of an existing chemical bond. Löwdin population analysis is often less used because of its computational requirements. In Tables 2 and 3 some of the bond orders are greater than 2.00 which stand for some of the nitro groups. Note that both the Mulliken and Löwdin results are basis set dependent [37] . Table 4 shows the total electronic energy (E), zeropoint vibrational energy (ZPE) and the corrected total electronic energy (E c ). The data in the table indicate that of the isomeric structures 6, 7 and 9, structure-6 is more stable than 7 and 9. It means that in structures-6 and 7 positions 2 and 4 of NTO (see Figure 4 for numbering of the atoms) are not equivalent in terms of contributions to the stability. Structurally those positions are obviously different but electronically N(2) stabilizes whereas N(4) destabilizes the system. The construction of nitramine bond at those positions decreases the electronic density of nitrogen-2 or -4 because of the electron attracting effect of nitro group. The . . Energies in kJ/mol.
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following resonance structures can be written for NTO. The canonical strucure-12 should have destabilizing effect on the resonance hybrid because it has negatively charged nitrogen (N(1)) adjacent to the other nitrogen atom. Thus lone-pair-anion destabilization prevails in structure-12. However, if a nitro group is substituted on N(4), the contribution of resonance structure 12 considerably decreases. Thus its destabilizing effect substantially diminishes. Note that π-topology of 9 is different than 1 (NTO), 6 and 7.
On the other hand, in between nitrogen atoms N(1) and N(2), it seems lone-pair-lonepair repulsive interaction occurring. However, due to the different hybridization character of those nitrogens, the effect should not reach any appreciable extent. Figure 5 shows the calculated infrared spectra of the nitramines considered. Note that structures 6 and 7 are isomeric ones also having the same π-topology in the ring. . , respectively.
The calculated UV-VIS spectra of the presently considered structures are shown in Figure 6 . They all absorb in the UV region. Although, 7 and 8 exhibit only one discernable absorption maximum, 6 possesses two (at 255.8 nm and 318.8 nm). Note that in 6 the nitro groups are coplanar with the ring whereas in all the rest of the structures they have different degrees of twisting, thus not coplanar with the ring π-system. This situation should have generated various transition possibilities which could be responsible for the obtained calculated spectra. Table 5 displays the main UV absorptions, their strengths and transition moment components. Table 6 displays the HOMO, LUMO energies and interfrontier molecular orbital energy gaps (∆ε) of the structures considered. The order of HOMO energies is 10<8<9<6<7 whereas the LUMO energies follow the order of 10<8<6<9<7. Consequently, the order of interfrontier molecular orbital gaps becomes 6<7<9<8<10. Figure 6 . UV-VIS spectra of the nitramines considered. Energies in kJ/mol. Figure 7 shows some molecular orbital energies of the nitramines considered which have the same ring π-topology. Thus variations are due to positional and conformational changes of the substituents in 6 and 7. Structures 6 and 7 are positional isomers of each other and their HOMO and LUMO energies, especially the HOMO energies, do not greatly differ from each other, but the inner lying molecular orbital energy levels do. On the other hand, introducing the third nitro group to form another nitramine moiety substantially lowers the HOMO and LUMO energies in 8 as compared to others due to the electron withdrawing effect of the nitro group. Structure-9 is isomeric with 6 and 7 but 10 is different from 6-7 in many respects. Figure 7 . Some molecular orbital energies of the nitramines 6-9. Figure 8 shows the HOMO and LUMO patterns of the nitramines considered. The orbitals generally have π-symmetry. In the case of HOMO the overlap between N1C1N2 centers (see Figure 4 for numbering of the atoms) is appreciable. The contribution of carbonyl group into the LUMO is nil in structures 6 and 8. 
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Conclusion
Of the various nitramine derivatives of NTO presently considered, three of them (6, 7 and 9) are isomeric and structure-6 is more stable than 7. Structure-9 is also isomeric with 6 and 7 but ring π-topology of it is different. Although IR spectra of them are very similar, the UV spectrum of structure-6 differs from 7 having two maxima in the UV region. Their HOMO energies are quite comparable but the LUMO energy of 7 is higher. Consequently the interfrontier molecular energy gaps follow the order of 6<7<9<8<10. The results in the present study are dictated mainly by the lack of symmetry present in the ring system and location and conformation of the substituents. If the syntheses of these nitramines are managed, their ballistic properties might be worth investigated.
